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The effect of nano compounds of copper, titanium, iron and aluminum oxides on germination energy, 
germination, growth and development, the content of photosynthetic pigments, the activity of 
photosystems of wheat seedlings was studied. The object of the research was the seedlings of soft 
wheat plants (Triticum aestivum L.). The seeds of the experimental plants treated with powders of 
nano compounds CuO, Fe203, ZnO, AI2O3, and TiC>2, sown in Petri dishes and in the pots with soil. 
The germination energy and germination of seeds, the content of chlorophyll a and b, carotenoids, 
the activity of photosystem 2 in sprouts have been determined. Nanoparticles of TiCh, ZnO and Fe203 
had a positive effect on seed germination and accelerated the growth of wheat seedlings. ZnO and 
Fe203 nanoparticles also positively influenced the activity of photosystem 2 , where water 
photooxidation occurs with the release of hydrogen protons and molecular oxygen. 
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INTRODUCTION 

Currently, nanoparticles are widely used in 
many sectors of agriculture. It well known that 
when micronutrients are added in the form of their 
water-soluble salts, most of them are absorbed by 
soil colloids and are difficult to absorb by plant 
roots. The accumulation of these substances in the 
soil solution leads to environmental pollution. 
Nanoparticles are distinguishing by unusual 
physicochemical properties, especially by their 
action on living organisms (Yurin, Molchan, 
2015). Due to their microscopic sizes, 
nanoparticles can easily enter through biological 
membranes, accumulate in the internal 
environment, and accelerate the activity of 
metabolic processes in cells. However, it should be 
noted that at high doses, nanoparticles can 
accumulate in plants and can subsequently enter 
the human body (Torre-Roche, 2013; Zhu et al., 
2008; Morqalev, 2010). According to some 
authors, silver nanoparticles at low concentrations 
can enhance the germination energy and seed 
germination, growth and development, respiration 
rate and the activity of enzyme systems (Kuamry 
et al.,2012; Salama, 2012; Omelche nk o et al.. 


2014; Yurkova et al., 2014). It noted that silver 
nanoparticles mainly accumulate in the roots of 
plants. It shown in works with Ti02, AI 2 O 3 , Fe3 O 4 
nanoparticles that these nanoparticles can have 
different effects depending on the concentration 
(Fedorenko et al., 2011; Astafurova, 2011). In 
these experiments, iron nanopowders at low 
concentrations increased the yield and grain 
quality of cereals. In the work (Yeqorov, 2008), the 
soaking of seeds with titanium, aluminum, and iron 
nanoparticles did not affect seed germination and 
plant growth. It was assumed (Kovalenko, et al., 
2006) that in the process of growth and 
development, plants can use the surface energy of 
nanoparticles coming from outside, which can 
affect the functions of the molecular structures of 
the cell. It follows from the foregoing that the 
results of work carried out with nanoparticles are 
contradictory, and further studies are advisable in 
this direction. 

The objective of this work was to study the 
effect of copper, titanium, iron, and aluminum 
nanoparticles on germination energy, germination, 
growth and development, the content of 
photosynthetic pigments, the activity of plant 
photosystems and antioxidant enzymes. 
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MATERIALS AND METHODS 

The object of the study was seedlings of bread 
wheat (Triticum aestivum L.). The seeds of the 
experimental plants treated with powders of CuO, 
Fe 2 O 3 , ZnO, AI 2 O 3 , and Ti 02 , nanoparticles. 
Then the seeds sown in Petri dishes and in 
vegetation vessels with soil. The germination 
energy and seed germination were determined. 
Plant growth, the content of chlorophyll A and B, 
carotenoids, the activity of photosystem 2 and the 
enzyme superoxide dismutase were determined. 
The contain of chlorophyll and carotenoids in 
leaves was determined on SF-26 
spectrophotometer by absoiption at wavelengths of 
665, 649 and 440 nm, the number of pigments was 
calculated according to the Vernon method (Shlyk, 
1971). The activity of photosystem 2 was 
determined using a PAM device (Photosynthesis 
analyzer, German. Static data processing 
performed using the program “Statistics for 
windows”. 


RESULTS AND DISCUSSION 

When determining the energy of germination 
and germination of seeds, it turned out that 
nanoparticles have different effects on these 
indicators (Table 1). As can be seen from table 1, 


the nanoparticles of Ti02, ZnO and Fe 2 03 have 
a positive effect on the germination energy and 
seed germination. These nanoparticles also 
accelerated the growth of wheat seedlings and 
activity of PS 2 (F v /F m ). 

When determining the content of chlorophyll a and 
b, it turned out that nanoparticles ZnO and Fe 2 O 3 
have a positive effect on the biosynthesis of these 
pigments (Table 2). 

ZnO and Fe2 O3 nanoparticles also had a 
positive effect on the activity of photosystem 2, 
where photooxidation of water occurs with the 
release of hydrogen and molecular oxygen protons. 
The data obtained by us are in accordance with the 
data obtained in the work of Yegorov and 
colleagues (Yeqorov, 2008; Kovalenko et al., 
2006). In this work, shown that pre-sowing 
treatment of plant seeds with iron nanopowders at 
low seed concentrations positively affects the 
germination energy. However, an increase in 
concentration by an order of magnitude leads to a 
suppression of their growth. When studying the 
effect of TiCF and AI2O3 particles on the growth of 
beans, wheat, and amaranth plants, revealed that 
plant growth slows down under the influence of 
these particles (Astafurova, 2011). Studies on the 
effect of iron nanopowder on the growth, 
development, drought tolerance and productivity 
of com, wheat and sunflower showed that the yield 
of these crops increases on average by 15-20%. 


Table 1 . The effect of nano compounds on seed germination and morphophysiological parameters of wheat 
seedlings 


Options 

Germination energy, % 

Germination, % 

Seedling growth (sm) 

Fv / F ni 

14 day 

19 day 

Control 

70 

90 

3.5±0,2 

ll.OiO.l 

0.8 

CuO 

70 

80 

4.5±0,3 

12.0±0,3 

0.6 

Ti0 2 

85 

90 

6.5±0,5 

14.0±0,5 

0.7 

ZnO 

90 

100 

6.5±0.3 

14.0±0.5 

0.7 

Fe 2 O 3 

85 

90 

7.0±0.8 

15.0±0,8 

0.7 

AI 2 O 3 

60 

80 

4.5±0.5 

7.0±0.1 

0.6 


Table 2 . The effect of nanoparticles on the content of photosynthetic pigments in wheat leaves (mg / g wet weight) 


Options 

Chlorophyll a +b 

a/b 

Carotenoids 

Control 

2.35±0,11 

3.27 

4.5±0.2 

CuO 

1.86±0,13 

3.04 

5.8±0.5 

Ti0 2 

2.61±0,34 

3.67 

6.4 0,3 

ZnO 

2.59±0,25 

3.75 

7.2±0.4 

Fe 2 03 

2.82±0,14 

3.91 

7.4±0.3 

AbOs 

2.51±0,12 

3.11 

7.8±0.2 
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This increases the content of gluten in grain, 
oil in seeds and amino acids in the leafy mass of 
forage crops. It had shown that iron nano 
compounds have different effects on the content of 
photosynthetic pigments Triticum vulgare 
(Lebedev et al., 2014). The total amount of 
photosynthetic pigments greatly influenced by 
FerCL nano compounds compared to FeO. In these 
works, shown that the degree of influence of nano 
compounds on the content of photosynthetic 
pigments depends on their concentrations. 

CONCLUSION 

Nano compounds of Ti02, ZnO and Fe 203 had 
a positive effect on seed germination and 
accelerated the growth of wheat seedlings. ZnO 
and Fe 203 nano compounds also positively 
influenced the activity of photosystem 2, where 
photo oxidation of water occurs with the release of 
hydrogen and molecular oxygen protons. 
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Nano birla§malarinin bugda ciicartilarinin fizioloji xiisusiyyatlarina tasiri 

F.i. Qasimova, M.0. Xam§ova, K.R. Tagiyeva, i.V. Bzizov 

AMEA Molekulyar Biologiya va Biotexnologiyalar Institutunun Xloroplastlarin fotokimyasi 

laboratoriyasi, Baki, Azarbaycan 

Mis, titan, damir, va aluminium oksidlari nano birla§malarinin bugda toxumlarimn ciicanua cncrjisina, 
ciicarma faizina, ciicartilarin boyiima va inki§afma, fotosintez piqmcntlarinin miqdanna va fotosistem 2- 
nin faalligma tasiri 6yranilmi§dir. Tadqiqat obyekti kimi yum§aq bugda (Triticum aestivum L.) 
ciicartilarindan istifada edilmi§dir. Bugda toxumlan CuO, Fe2C>3, ZnO, AI 2 O 3 va Ti02 nanobirla§malarinin 
tozlan ila i§lanilarak Peter nim§alarinda va dibgaklarda toipaq miihitinda akilmi§dir.Toxumlarm ciicarma 
enerjisi, ciicarma faizi, ciicartilarda xlorofil a va b-nin miqdari, fotosistm 2- nin faalligi olqiilmii^diir. Ti 02 „ 
ZnO va Fe 203 nano birla§m§lari toumlarm ciicarmasina va ciicartilarin boyiimasina stimulla§dinci tasir 
gostarmi§lar. ZnO h Fe 203 nano birla§malari han^inin fotosistem 2-n faalligma miisbat tasir gostararak 
suyun fotooksidla§masini, hidrogen protonlarmm va molekulyar oksigenin ayrilmasmi siiratlandirmi§lar. 

Agar sozhr: Bugda, nano birlagmalar, ciicarma, ciicartilarin bdyumasi, fotosistem 2 
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